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Abstract

	 Wound dressing is a vital component of wound infection management specially by 
immunocompromised patients due to accidents that caused injuries. Biodegradable hydrogel-based 
wound dressings are being developed to acquire the advantage of high swelling capacity and being 
environment friendly at the same time. The study involves development of hydrogels using solution 
casting method with different ratio of rice bran starch. Mechanical properties such as tensile strength 
and swelling capacity were determined. The hydrogel developed with 7% starch emerged with 
comparable tensile strength and swelling capacity with the available wound dressing in the market. 
FT-IR spectra confirmed the crosslinking of PVA and starch while SEM images revealed that the 
hydrogel is not porous. Drug loading capacity of the hydrogel was determined to be 83.48% with 
PBS which is higher than with water. Results suggest that the developed hydrogel has great potential 
for wound dressing application with the advantage of being biodegradable.
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Introduction

	 Many people encountered accidents, burns, 
and other serious injuries that may lead to damage in 
skin and tissues which may lead to serious infections 
especially in the case of over aged people and other 
suffering from diseases that weakens their immune 
response to such. In these scenarios, they tend 
to have slow rate of skin degeneration and there 
is a need to have outside interventions for wound 
treatment and healing1. A wound can be described 
as a break in the skin resulting from thermal damage, 

physical damage or from physiological conditions2. 

	 Wound dressing plays an important role 
in the entire management of wound infection3. 
Commonly used wound dressings are made up 
of hydrogels. Hydrogels are crosslinked polymeric 
materials with high water or liquid affinity4,5. Thus, 
these are commonly used as super-absorbent 
such as component of diapers6. Hydrogels that 
are available in the market are non-biodegradable 
that greatly contributes in increasing wastes in the 



494MENDOZA et al., Orient. J. Chem.,  Vol. 36(3), 493-497 (2020)

environment. Thus, developing natural polymer-based 
wound dressing is a topic of interest nowadays.

	 Starch is a biopolymer with high potential 
as material used in packaging technology and 
hydrogel preparation due to its low cost, good film-
forming properties, biocompatibility and nontoxicity7. 
Even though starch show low mechanical strength 
and insufficient water resistance, it can be enhanced 
by mixing it with hydrophobic polymers like poly-vinyl 
alcohol (PVA). Addition of starch with PVA based gel 
greatly improves the quality of the hydrogel specially 
for wound dressing applications8,9. There are many 
factors in the development of hydrogels from starch raw 
materials that greatly affects its properties. Hydrogels 
as wound dressings should exhibit high tensile strength 
as well as swelling ability to be efficient. In the case of 
starch-based hydrogels, physicochemical properties 
are also influenced by amylose content while the 
swelling ability is due to the amylopectin10. Thus, 
biodegradation of this type of hydrogels are facilitated 
by alpha-amylase regulation11.

	 One source of relatively inexpensive rice 
starch which is a candidate given these properties, 
is rice bran. Rice bran is an industrial residue from 
milling process of rice grains. It contains vitamins, 
minerals, lipids, proteins and also high composition 
of starch in dry basis (defatted rice bran)12,13. Rice 
starch granules are small, ranging from 3 to 8 µm, 
and are polygonal in shape14.

	 The study is focused on the development 
and characterization of hydrogel from rice bran 
starch and assessment of its properties for wound 
dressing applications such as swelling ability and 
drug loading capacity.

Materials and Methods

Sample Collection and Preparation
	 Rice bran was purchased from Philippine 
Rice Institute (PhilRice), Science City of Munoz, 
Nueva Ecija. The rice bran was defatted using 
chloroform as a solvent to reduce interference prior 
to the isolation of starch. Glycerol, polyvinylalcohol 
(PVA), glutaraldehyde, ethanol (95%), sodium 
hydroxide and chloroform were purchased at 
Crismon Enterprises.

Isolation of Starch from Defatted Rice bran
	 Ten grams of defatted rice bran were 
soaked in 50 mL of distilled water at 30°C for 3 hours. 
The mixture was blended in a blender at 30°C for 
5minutes. A 60-mesh screen attached in the blender 
aided the separation of the extract from the rice bran 
when the extract was poured out of the blender. The 
rice bran was then blended once more with 70% 
ethanol and 0.1 M NaOH for 5 min for each solvent. 
The filtrate was centrifuged at 11,000 × g for 15 
minutes. The residue was re-slurried, washed with 
deionized water and filtrated through a 200-mesh 
screen. The filtrate was filtered again using 2.5 
µm filter paper and washed with 0.1 M NaOH and 
deionized water. The residue collected was dried at 
60°C for 6 hours. The dried starch was ground with 
mortar and pestle and stored.

Preparation of Starch-based hydrogel
	 Hydrogel membranes were prepared using 
conventional solution casting method15. About 2.5 
g of PVA was added to 50 mL of distilled water 
and the mixture was heated at 70°C for 2 h with 
constant stirring. Another 50 mL of distilled water 
was added to starch (5%, 7% and 10% w/v) and the 
resulting starch solutions were heated at 100°C for 
15 min with constant stirring. Starch solutions were 
allowed to cool and were mixed with PVA solution 
with constant stirring to obtain homogeneous 
mixture. The chemical crosslinking agent solution 
was prepared by adding 0.5 mL of glutaraldehyde 
and 0.05 mL of HCl in 10 mL of ethanol. This mixture 
was added to the starch-PVA solution with constant 
stirring. About 2 mL of glycerol was then added with 
constant stirring and the solutions were sonicated for 
2 h to obtain homogeneity. The resulting solutions 
were casted in molder and left overnight at room 
temperature to dry. The membranes were washed 
thoroughly with distilled water to wash off remaining 
HCl and glutaraldehyde. The membranes were then 
dried at room temperature.

Determination of Mechanical Properties 
	 In order to determine the tensile strength of 
the membranes it was cut into pieces with 15 x 200 
mm dimension. The thickness of the samples was 
measured before testing. Analysis was performed 
at a strain rate of 500 mm/min at room temperature. 
The Instron Universal Testing Machine (ASTM 
D882) Model:5585H was used for mechanical 
testing. All mechanical tests are the mean of at 
least eight samples16.
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	 Swelling behavior of the hydrogels was 
measured against simulated wound fluid (SWF). 
Simulated wound fluid was prepared by taking 1.7 g 
of NaCl, 0.55 g of KCl, 7.5 g of NaHCO3 and 0.875 g 
of NaH2PO4 in 250 mL of distilled water. The pH of the 
prepared solution was found to be 8.0.  To measure 
the swelling behaviour, the hydrogel membranes 
were cut into equal pieces of 2× 2 cm2 and weighed. 
Afterwards these pieces were immersed in SWF 
for 24 hours. After 24 h, the pieces of hydrogel 
membranes were removed and their surface was 
cleaned with filter paper to remove any droplets 
and weighed again. The swelling ratio was then 
calculated based on Equation 1.

	 (1)

	 Where Ws is the weight of the swelled 
membrane and Wd is the weight of the dried 
membrane.

	 The hydrogel sample with the highest tensile 
strength and swelling behavior was characterized 
using Fourier Transform Infrared Spectroscopy  
(FT-IR) and Scanning Electron Microscopy (SEM).

Characterization of Hydrogel
	 Rice bran starch, PVA and hydrogel 
membrane were subjected to FT-IR Spectroscopy. 
The spectra were recorded based on FT-IR 
spectra obtained using Shimadzu IR Prestige-21 
spectrophotometer equipped with an Attenuated 
Total Reflection unit.

	 The surface morphology of the gel was 
investigated using Hitachi SEM Model TM300 at an 
acceleration voltage of 5 kV. The gel sample was 
mounted on aluminium stubs with double-sided 
adhesive tapes then the sample was coated with 
gold to avoid charging17.

Drug Loading Capacity of Hydrogel
	 The loading of drug was carried out  
by swelling equilibrium method and determined 
from the standard curves of the drug prepared at 
UV-Visible Spectrometer Lambda 365. The standard 
curves for Berberine hydrochloride was prepared 
at λmax equal to 239nm (in distilled water) and λmax 
of 348nm (in Phosphate Buffer Saline (PBS)). The 
weighed hydrogel membranes were allowed to swell 
in the drug (Berberine hydrochloride) solution of 

known concentration (1 mg/mL) (Ci) 24 h at 37°C. 
The drug concentration (Cf) of the final solution was 
measured using UV-Vis Spectrometer18. Percentage 
drug loading capacity was calculated utilizing 
Equation 2.

	 (2)

Fig. 1. Plot of tensile strength of the developed hydrogels. The 
error bars represent the standard deviation of measurements 

for 8 samples for each hydrogel

Fig. 2. Plot of swelling ratio of the developed hydrogels. The 
error bars represent the standard error of measurements for 

8 samples for each hydrogel

Fig. 3. FT-IR spectra of the developed hydrogel in 
comparison with pure PVA and rice starch
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the market as the positive control and measured 
using Universal Testing Machine (ASTM D882-09). 
H5 showed high tensile strength than hydrogel H7 
and H10. The tensile strength of the hydrogels was 
determined to be 17.64±0.87 MPa, 15.65±0.67 
MPa and 12.94±0.71 MPa respectively (see Fig. 1), 
which are higher than the tensile strength of human 
skin, (11.5 MPa) based on the previous study19. 
While the tensile strength of the positive control was 
determined to be 19.64 ± 0.75 MPa. The decreased 
in the tensile strength of the prepared hydrogels are 
due to the increasing amount of starch present in 
the membrane resulting in decreased in the chain 
length of the polyvinyl alcohol. Thus, the one with 
the least amount of starch emerged as having the 
highest tensile strength. 

	 The use of hydrogels for the wound healing 
involves its direct contact with the body fluids. The 
characteristics of gels interaction with aqueous media 
were determined in simulated wound fluid (SWF). The 
swelling behavior of the hydrogels was measured 
by gravimetric method. It was observed that H5, 
H7 and H10 membranes have the high capacity in 
absorbing fluid which is more than 100%; 138.78%, 
140.50% and 135.72% respectively (see Fig. 2). H7 
showed comparable swelling capacity against the 
positive control with 140.53 ± 0.26%. This is due to 
the presence of hydroxyl groups in starch which helps 
in absorbing water and fluid. In the case of H10, the 
excess starch in the membrane was dissolved in the 
solution resulting in lower absorption of the membrane 
due to high solubility of starch with SWF.

Characterization of hydrogels
	 The hydrogel was characterized together 
with pure PVA and rice bran starch using FT-IR 
spectrum (see Fig. 3). It was observed that broad 
peaks at around 3300 cm-1 corresponding to –OH 
group appeared in all peaks. This hydroxyl group 
is responsible for the swelling capacity. Thus, this 
suggests that crosslinking of rice bran starch and PVA 
only slightly altered the hydroxyl groups still resulting 
in high swelling capacity. The peak at 2940 cm-1 
indicates the presence of sp3 hybridized hydrocarbon 
chains. The peak that confirms the crosslinking of PVA 
and rice bran starch can be seen at 1714 cm-1. 

	 Surface morphology of the hydrogel 
was investigated using SEM (see Fig. 4). It was 
observed that the hydrogel was not porous. Based 

Fig. 4. SEM images of the developed hydrogel in 200x (A) 
and 500x (B) magnification 

Fig. 5. Plot of % Drug Loading Capacity of the developed 
hydrogels. The error bars represent the 5% errors of 

measurements for 8 samples for each hydrogel

Results 
Discussion

	 Rice bran was obtained from the variety of 
rice with high amylose content (NSIC Rc152). The 
isolated starch was 32% and used as a copolymer 
in preparation of hydrogel. Glutaraldehyde was used 
as the crosslinking agent in its preparation. The 
hydrogel membranes were prepared by solution 
casting method. The prepared hydrogels with 
different concentrations were designated as H5; for 
hydrogel with 5% starch solution, H7; for hydrogel 
with 7% starch solution, and H10; for the hydrogel 
with 10% starch solution. All samples for testing were 
dried in oven at 60o for 6 hours.

Mechanical Properties of the hydrogels
	 Mechanical properties of the hydrogel 
are important factors to consider in its application 
as wound dressing. The tensile testing provides 
an indication of the strength of the hydrogel. The 
tensile strength of the hydrogel was compared to 
the tensile strength of the available hydrogel in 
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on previous study, non-porous hydrogel can prevent 
the penetration of bacteria which can cause wound 
infection. Thus, the developed hydrogel can serve 
as barrier for microorganisms20.

Drug Loading Capacity
	 Berberine hydrochloride, a major alkaloid 
present in Ranunculaceae coptis, was an effective 
treatment for infections caused by Shigella and 
Escherichia21. Berberine hydrochloride dissolved in 
water and PBS was loaded in the prepared hydrogel. 
The drug loading efficiency of the membrane was 
measured. The initial concentration of the drug 
loaded in the hydrogel membrane was 1 ppm. The 
final concentration of the drug solution was measured 
using the difference in absorbance reading upon 
subjecting it to UV-Vis spectrophotometer. The drug 
loading capacity of the hydrogel membrane in water 
and PBS was determined to be 29.90% and 83.48%, 
respectively (see Figure 5). 

Conclusion

	 Starch was isolated from rice bran using 
wet milling method. The isolated starch was 32% 
and used in preparation of hydrogel as copolymer 
with PVA. The developed hydrogel membranes were 
thin and flexible. The tensile strength of hydrogel 

membranes was measured and showed that all 
prepared membranes were higher than the reported 
tensile strength of human skin which is 11.5 MPa. 
Swelling capacity of the hydrogels showed that the 
membrane with 7% starch solution has a comparable 
swelling behavior with the positive control which is 
a commercially available wound dressing. FT-IR 
spectra of the hydrogel confirmed the crosslinking 
of starch and PVA while SEM images revealed that 
the hydrogel was not porous. 

	 Drug loading capacity of the hydrogel 
membrane showed high absorption of Berberine 
hydrochloride observed in drug solution in PBS 
which is 83.48% than in drug dissolved in water 
which is 29.90%. This suggests that pH greatly 
influenced the drug loading of the hydrogels. Thus, 
the developed hydrogel from rice bran starch has the 
properties suited for wound dressing applications.
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